INTRODUCTION
Name.-In his original description of Euastacus bindal, Morgan (1989) named the species after the Bindal language of the traditional owners of the Mt. Elliot area. He did not designate a common name, and one has not been applied since.
Conservation Status.-Euastacus bindal Morgan, 1989 (Fig. 1 ) is currently listed as "Critically Endangered" on the International Union for Conservation of Nature and Natural Resources (IUCN) Red List of Threatened Species IUCN, 2011b) . This species is not currently listed under any State or Federal conservation legislation.
The species was originally described by Morgan from two museum specimens collected from the upper reaches of North Creek, Mt. Elliot, in early December 1986 by Monteith, Thompson, and Hamlet. However, since then nothing further has been published regarding its biology, specific habitat requirements or associations, behaviour, burrowing ecology, or even live colour. The only documented record of any specimen in the wild since the original description was the collection of one specimen in 2002 as part of a phylogenetic revision of genus Euastacus (Shull et al., 2005) . In the 2010 IUCN conservation assessment, and subsequent publications on Euastacus (see Furse and Coughran, 2011a, b) , it was noted that additional information was required on this species to refine its conservation status and to evaluate the need for any specific conservation and/or management programs. In this paper, we present the findings of a field survey that addresses some of the information gaps for this species, and refine its conservation status accordingly.
Identification.-Euastacus bindal is poorly spinose, with minimal development of spines on the abdomen and thorax. * Corresponding author; e-mail: j.furse@griffith.edu.au
The only other species of crayfish that occurs on Mt. Elliot is Cherax cairnsensis Riek, 1969 from which E. bindal can be readily distinguished by the presence of two spine rows along the lateral margin of the propodus on E. bindal. Morgan (1989) only had access to preserved specimens, and was not able to describe the colour pattern of the species. Following our survey, however, we are now able to describe E. bindal as brownish-red tending to brownishpurple dorsally, with a distinct purplish tint ventro-laterally. The second through fifth pereiopods are brown with bluish tinges on the tips of pairs 2 and 3. Dorsal surfaces of the chelae are a light teal blue, tending to darken distally, with a distinct light brown mottled pattern. Proximally, the ventral surface of the chelae is a light blue with mottling, but a distinct and mottled reddish-to orange-brown distally. Mesial carpal and propodal spines have reddish-to orangebrown tips (Fig. 1) .
NATURAL HISTORY Study Area.-Mount Elliot is located 28 km southeast of the City of Townsville, North Queensland, Australia; the mountain is wholly within Bowling Green Bay National Park (Mt. Elliot section), and the nearest comparable high altitude terrain is ∼250 km to the north . The mountain is quite remote, and due to the tropical climate, steep terrain (including near-vertical cliffs at ∼400 m above sea level [a.s.l.]), and complex vegetation structure, accessing the high altitude rainforest habitat is very difficult in any season (as was indicated by Morgan, 1989) . The combination of vegetative canopy and steep terrain appreciably degrades Global Positioning System (GPS) reception to the extent it is often difficult to plot position and altitude without some degree of error, i.e., in places ±50 m. Morgan, 1989. Mount Elliot is within the Ross River basin in the NorthEast Coast drainage division of Australia (BOM, 2011) , and all waterways in the area drain east into the Coral Sea. Euastacus bindal was described from a single site on Mt. Elliot in North Creek, a first order (stream order, Horton, 1932) headwater tributary of Alligator Creek on Mount Elliot (Fig. 2) . Locating the type locality can prove difficult given that North Creek is labelled as Sandy Creek on some formal maps, i.e., the Royal Australian Survey Corps 1 : 50 000 topographic map of Mt. Elliot.
Mount Elliot is an erosional remnant of solid volcanic bedrock. The dominant rock type is granite, and the bedrock is overlain with frequent and large boulders (>5 m diameter) and numerous small to large sized rocks (∼0.5-2 m diameter) and pebbles. On the east-northeast face of the mountain only very shallow soils were evident, and with the exception of what appeared to be small patches of basalt-derived soils at ∼400 m a.s.l., soil was of granitic origin and correspondingly coarse and abrasive.
Two survey expeditions were conducted for E. bindal during 2011, the first in summer (March, the end of the local wet season), and the second in late winter (SeptemberOctober, the end of the local dry season). The first expedition was terminated prematurely after only completing a single stream survey (a total effort of 9 person-hours, at midday) and before catching any E. bindal due to dangerous weather conditions (severe storms, torrential rainfall, and localised flash flooding). The second expedition was successful, but was conducted in difficult conditions (high temperatures, extremely dry conditions with very little water, and with wildfires in the vicinity).
On both occasions, stream surveys were conducted during the day using a combination of baits (tinned dog food), hand-held nets, and active search methods (lifting rocks and hand excavation of refuges). As the nature of the stream habitat in late winter (intermittent, shallow, small and irregular pools) did not allow a series of standardised bait-and-catch surveys, we used two active search surveys to assess abundance (surveys commenced at 0900 and 1330 and were standardised at 3 hours each, a total effort of 6 person-hours per survey).
At each survey site, riparian vegetation type was noted and all captured crayfish were measured; Occipital Carapace Length in mm (OCL, Morgan, 1997) , gender, and notes on moult stage and general condition of animals were recorded, e.g., missing appendages.
The Extent of Occurrence (EOO) of the species was calculated from GPS waypoints as per the IUCN Red List minimum distance polygon method (IUCN, 2010 (IUCN, , 2011a .
The standard IUCN criteria against which E. bindal was assessed included, 1) extent of geographic range, i.e., EOO, 2) extent of population fragmentation or number of locations/subpopulations, 3) any reduction in EOO, or area/quality of habitat, or numbers of subpopulations, and 4) any fluctuations in EOO, or number of subpopulations (IUCN, 2010 (IUCN, , 2011a . Catch Data.-In September 2011, a total of 24 E. bindal were collected from two headwater streams, including the type locality (North Creek) and also Alligator Creek situated to the southeast (Fig. 2) . The species did not respond to baits, and all specimens were captured by hand. Euastacus bindal is clearly limited to a very restricted area, yet in the habitat we surveyed, crayfish were present in reasonably high numbers, in places at densities of ∼3 crayfish m −2 . The largest specimen collected was a male, 34.5 mm OCL, which is considerably larger than the 24.9 mm OCL female holotype originally recorded. No females carrying eggs or young were collected or observed, but the presence of young of year (YOY, i.e., OCL <5 mm) crayfish suggested that at least some female E. bindal were brooding over winter in 2011 (winter-brooders sensu, Honan and Morgan (1989) were collected are indicated by circles, triangles denote the type locality (to the south) and the 2002 collection site to the north. The site surveyed on North Creek at ∼500 m a.s.l. that did not yield crayfish is marked by a square. The hatched polygon indicates the 1.06 km 2 EOO of E. bindal. Mitchell, 1995) , which is consistent with the general timing of reproduction in other female Euastacus in Queensland (Morgan, 1991; Furse et al., 2004; McCormack et al., 2010) . This is one of the smaller species in the genus (Coughran, 2008) , and it is likely to have low fecundity and a relatively large egg size, as reported for other similarly small Euastacus such as Euastacus mirangudjin and Euastacus gumar Morgan, 1997 (Coughran, 2011a . In any case, additional information on the reproductive biology of E. bindal is still required, particularly regarding size at sexual maturity, fecundity and development time.
Both male and female crayfish were captured and the M : F ratio of 11 : 8 was not significantly different to 1 : 1 (χ 2 1 = 0.474, p = 0.491). An additional five small crayfish (∼11 mm OCL) that could not be assigned gender on the basis of external reproductive structures were also captured. One recently moulted (soft) crayfish was captured, and apart from five specimens (21% of total captures) that were missing one or more legs, all animals appeared to be in good overall condition. Temnocephalid worms and their eggs were noted on a number of the larger specimens that had not recently moulted (as judged by cleanliness of exoskeleton; Coughran, 2006 Coughran, , 2011a .
No other crayfish were collected or observed in association with E. bindal or on Mt. Elliot. Freshwater prawns (Macrobrachium spp.) were observed in considerable abundance between ∼100 and 400 m a.s.l. but not at the higher altitudes inhabited by E. bindal. No fish were observed >100 m a.s.l.
Distribution and Habitat.-The species was restricted to the well-shaded, rainforested, headwater streams on Mt. Elliot and was collected at elevations between ∼830-1100 m a.s.l., which is near to the highest point of the mountain (1221 m a.s.l.). During March 2011, the single 3-hour survey of what appeared to be suitable rainforest stream habitat at ∼500 m a.s.l. failed to locate any crayfish. Reliable anecdotal evidence indicates that crayfish exoskeleton fragments were observed and crayfish collected in 1995 at ∼600 m a.s.l. (Adams, 2011, personal communication) , but crayfish were not observed or collected at that altitude during this study.
The lower altitudinal limit of E. bindal in this study is ∼170 m lower than was originally reported by Morgan (1989) and it is possible the species may inhabit the small isolated pockets of rainforested habitat that persist down to ∼500-600 m a.s.l.
The restriction of E. bindal to altitudes greater than ∼830 m a.s.l. coincides with a definite and abrupt change in floristic composition to tropical rainforest, from the dense wet sclerophyll and vine forest that occurs between ∼650 m and ∼830 m a.s.l. Below 650 m a.s.l., exposed slopes support dry sclerophyll forest (Eucalyptus spp.) with a sparse understory of Acacia spp., cycads (Cycas spp.), grass trees (Xanthorrhoea spp.), and a seasonal groundcover of mixed grasses (Poa spp.). On the eastern slopes, well-shaded gullies as low as ∼350 m a.s.l. contain small pockets of wet sclerophyll forest species (brushboxes, Lophostemon confertus) with sparse assemblages of rainforest species, tree ferns (Cyathea cooperi), and palms (Linospadix spp.) along the stream margins.
As there appears to be some small pockets of suitable rainforest following the streamlines on the north-to northwest faces of the mountain, it is possible the species may also occur there. We observed that the southern and western flanks of the mountain appear to be relatively dry, possibly due to a localised rain-shadow effect. The waterways in these southwestern areas are likely dry for much of the year, and appear to be devoid of rainforested habitat, so we consider it unlikely that E. bindal inhabits any appreciable areas on the southern and western slopes of Mt. Elliot.
The September survey was conducted towards the end of the dry season, with very little flowing water evident in the high altitude streams, and little more than a few small and isolated pools of water were present, i.e., no runs or riffles. Pools were linked by stretches of very moist to sodden ground, or a trickle of water (Fig. 3) .
While there was little surface water, subsurface water was observed in the streambeds. Crayfish were observed and collected from within pools, but more commonly from under rocks and existing interstices in the damp ground, i.e., crayfish inhabited all microhabitat types in the rainforested streams we surveyed.
Many species of Euastacus are typically associated with cool, clear, fast-flowing streams, e.g., Euastacus sulcatus Riek, 1951 (Riek, 1951 Morgan, 1986 Morgan, , 1988 Horwitz, 1990; Morgan, 1997; Furse and Wild, 2002) . Recently, other species have been reported to occupy habitats devoid of any surface water and can be regarded as essentially obligate burrow dwellers relying on subsurface moisture (Coughran, 2005 (Coughran, , 2006 (Coughran, , 2007 (Coughran, , 2011a . Late in the dry season of 2011, typical "flowing" habitat for Euastacus was not evident on Mt. Elliot, yet crayfish were present in considerable abundance. This suggests E. bindal is a species that relies on subsurface moisture for at least part of the year, and during that time it is one of the "burrow-dwelling" Euastacus.
Very little woody debris and leaf litter were present in the streams and surrounding forest, probably due to our survey being conducted immediately prior to the annual "pulse" of litterfall, which typically occurs in the spring in Australian tropical rainforests, i.e., between October and November (Benson and Pearson, 1993) . As has been reported for other species of Euastacus, E. bindal is associated with the presence of Rainforest Spinach (Elatostema reticulatum), which appears to be a reliable indicator of the habitat of Euastacus (and their presence) elsewhere in eastern Australia (Coughran, 2006; McCormack et al., 2010; Coughran, 2011a, b) .
Burrowing and Activity.-Euastacus bindal does not appear to construct any extensive burrow networks, and this is possibly due to the lack of any appreciable or deep soils in their high altitude habitat. However, crayfish were found occupying simple depressions or small excavations, identified by mounds of excavated material. Large numbers of excavated refuges were evident around rocks in the streambed, and around rocks imbedded in the banks of the channel. It was not possible to determine occupancy (or not), of refuges in all cases (many rocks were immovable), but not all refuges we did investigate were occupied. Crayfish were not observed "sitting" at the entrances to these refuges, nor were they observed moving around on land. Crayfish were present at high density, and many of the appropriately sized rocks that could be turned sheltered a crayfish; but crayfish were not found to be sharing these refuges. Crayfish, including YOY, were collected from, but not observed moving around in, the pools during the day or at dusk, and no increase in activity was evident at any time of day.
There are no data available on the growth rates of E. bindal, and beyond the fact that crayfish did not respond to baits during our expeditions, we were not able to collect any information on the diet of the species. The growth rate and diet of this species should be investigated as a matter of priority in future studies.
CONSERVATION FACTORS
Threats.-Euastacus bindal is clearly restricted to a very small and isolated area of rainforested, headwater stream habitat (∼830-1100 m a.s.l.), at a single locality; Mt. Elliot. The known EOO of the species was calculated at 1.06 km 2 and, considering the terrain and vegetation types on Mt. Elliot, is unlikely to be appreciably larger. However, given that areas of suitable habitat appear to be present on the north and northwest slopes of the mountain, it is possible that E. bindal occupies additional streams on Mt. Elliot. Additional surveys should clarify the extent to which the species is distributed on the mountain.
As outlined by , the nearest suitable highland rainforest habitat is 250 km away (near Cairns), rendering this single E. bindal population truly isolated. With intervening lowlands forming effective dispersal barriers (Morgan, 1997; Ponniah and Hughes, 2006 ) the species has no capacity to relocate to alternative habitat. Given its highly restricted range (effectively one locality), the species is extremely susceptible to localized impacts, including landslides, severe weather events (Furse et al., 2012) , bushfires, and exploitation or pathogen transmission by unlicensed collectors.
The distribution of E. bindal is almost certainly due to a requirement for cool conditions (as discussed in Horwitz, Fig. 3 . Euastacus bindal Morgan (1989) habitat, upper reaches North Creek, altitude ∼1000 m a.s.l., typical of the rainforested stream habitat we surveyed. Photo taken in September 2011, towards the end of the local dry season.
1990; Morgan, 1991; Ponniah and Hughes, 2004) , and a "retreat" (Ponniah and Hughes, 2004) to higher altitudes and areas that are associated with rainforests. As this species is clearly isolated, and already occupying the highest available habitat, i.e., not able to relocate to higher altitude and/or cooler habitat, climate change is considered a very serious threat.
Although 2011 was a wet year overall, very little water was present on Mt. Elliot towards the end of the dry season. Clearly, any changes to rainfall patterns and/or hydrology pose serious threats to this species. It is predicted that the Townsville area will experience increased environmental temperatures, decreases in amounts and changes to timing of rainfall (and subsequent changes in the local hydrological regime), and increased incidence of severe weather events (Chiew and McMahon, 2002; Howden, 2003; Hughes, 2003; Pittock, 2003; Hennessy, 2006; Westoby and Burgman, 2006; IPCC, 2007; Furse et al., 2012) .
We observed Toxic Cane Toads (Rhinella marina) on Mt. Elliot, but only at lower altitudes (∼100 m a.s.l.), and, while no data exist on toxicity to crayfish, Cane Toads still pose a considerable threat (DEH, 2004) . A well-established population of Brumbies (wild horses) inhabit Mt. Elliot, and these were observed on a number of occasions at ∼400 m a.s.l. (but not above the vertical cliffs). No potential threats posed by the Brumbies are known, although a large number of their well-used tracks were evident on the mountain (including one that led to North Creek). However, the mountainous terrain probably hinders their access to the high altitude E. bindal habitat.
Other exotic species known to occur within the Mt. Elliot region (and within National Parks in the area) include: cats (Felis catus), foxes (Vulpes vulpes), and pigs (Sus scrofa). As outlined in and Furse and Coughran (2011b) , these exotic species have been reported as generally impacting on crayfish in other regions of Australia (Green and Osbourne, 1981; Horwitz, 1990; Merrick, 1995; Eyre et al., 1997; ACT Government, 2007; O'Brien, 2007) . Due to E. bindal's highly restricted distribution, these exotic species could seriously impact the crayfish population by contributing to a reduction in the already limited distribution of the species, or in the quality of habitat and/or abundance of crayfish.
Conservation Action.-The entire range of E. bindal is contained within the Mt. Elliot section of Bowling Green Bay National Park, and therefore all animals are protected by the Queensland Nature Conservation Act (1992). There is also a total ban on recreational fishing for any Euastacus throughout Queensland (DEEDI, 2011), but currently there are no specific conservation measures or plans in place for E. bindal.
Conservation Recommendations.-The species clearly satisfies the current IUCN criteria for listing as Critically Endangered (CR), and nomination for listing under Queensland State conservation legislation is warranted. The Queensland Nature Conservation Act (1992) assessment criteria are similar to those used in the IUCN Red List, and E. bindal satisfies the Nature Conservation Act (1992) criteria for listing in the highest threat category under that legislation: Endangered. Considering the small distribution and numerous threats faced by this species, we consider it highly likely that conservation and management initiatives will be required for E. bindal. Any such efforts will be enhanced and optimised by additional research. In particular, further information is required on the species' thermal tolerance, reproductive biology, age and growth, habitat requirements, and resilience to exotic species.
CONCLUSIONS
Euastacus bindal satisfies the IUCN Red List criteria for listing as Critically Endangered, CR B1 + 2(a), (b)iii, based on: an EOO of 1.06 km 2 , a highly restricted distribution (two known headwater streams, on one mountain), and anticipated decline in area, extent and/or quality of habitat and EOO due to climate change and threats from exotic species. This species also qualifies for listing under the Queensland Nature Conservation Act (1992) as Endangered, and should be listed as such. The preparation of appropriate conservation and management plans are warranted considering this species is at considerable risk of extinction. A set of specific management guidelines for the Mt. Elliot Park Rangers would also prove useful.
